Cysteine trnsport by tobacco cells (Nicodana tabacum L. var. Xanthi) cultured on liquid 5-5 medim was exaed.
weight/mnute and 13 to 16 umoes/g fes weight/minute, respectively.
Azide ad 2,44-nitrophenol caused more than 90% inhibition of net tansport by either system. N,N'-Dicydohexykcrbodlmide was not inhitory while the inbibition by carbonylcyanide m-clorophenylhydrazone was dependent on the cysteine concentration. Only those compou,ds that were inhibitory to ransport caused efflux of labeled material from preloaded cells.
Tobacco cells that had been preincubated in iodoacetamide or Nethylmaeimide did not transport cysteine while simiar treatments with dihothreitol were only slightly inhibitory or had no effect on btasport.
Transport by either system was, to some extent, inhibited by nlU other tested amino acids and analogs. Alnine, methionine, and Smethyl cysteine were most effective in inhibiig cysteine rnsprt. Both alanine and methionine were competitive inhibitors of cysteine trnport by either system with inhibition constants that were imilar to the Km for the particlar system. The transport of amino acids has been studied in bacterial systems (23) . Lombardi and Kaback (16) provided evidence for 19 separate amino acid transport systems in Escherichia coli plasma membrane vesicles. Several fungal systems have been characterized in detail. Both basic and acidic amino acid transport systems have been described in Penicillium (10) , as have uptake systems in Neurospora (24) . Several amino acid permease mutants have been isolated in Saccharomyces cerevisiae (7) .
Reports of amino acid transport into higher plant material are limited (22) . Transport has been examined in root tissue of carrot (1) and barley leaf tissue (25) . Cell suspension cultures of soybean (13, 14) sugarcane (17) , and tobacco (8) have been used to study amino acid transport.
A limited study of cysteine entry into tobacco cells was conducted by Hart and Filner (8) . They demonstrated that cysteine was a potent inhibitor of sulfate uptake by tobacco cells. This inhibition was reduced by various amino acids including arginine, lysine, and leucine. These antagonists were subsequently shown to be inhibitors of cysteine entry into the cells. (27) and 5-ml aliquot of the extract added to 10 ml of Handifluor, or the cells were placed directly in 1 ml of water and 10 ml of Handifluor. All radioactivity was determined by liquid scintillation counting in a Packard 3310 Tri-Carb scintillation spectrometer with external standardization. There were no differences in radioactivity recovered by either of these two methods.
All manipulations prior to the addition of radioactive cysteine were performed in a sterile room using autoclaved media and equipment. Each point reported in this research represents Table II ). This release of labeled material is probably not due to exchange either from exterior sites or internal pools since preloaded cells that were suspended in unlabeled cysteine or buffer alone did not lose significantly different amounts of labeled material.
Analysis of the labeled material within the cells indicated that when the incubation period was 2 hr at least 60% of the intracellular labeled material was identified as free cysteine. However, as the incubation period was increased progressively less of the labeled material was identifiable as free cysteine, indicating rapid metabolism and incorporation into protein. 390 and and cysteine are probably transported by the same system, the -hr. was observed in the presence of 0.5 apparent decline in cysteine transport below pH 4.5 ( Fig. 3) ol/ml) and as indicated above, the majority may be due to increased loss of transported material at low pH rial was identified as free cysteine. The resulting in lower observed accumulation. The sharp decline in lient is unknown since it depends upon the transport above pH 4.5 is not due to stimulated loss since ccupied by the pool into which cysteine is previous investigations (27) showed that cells placed in pH 10 nitial cysteine content of this pool.
bicine buffer did not lose significant amounts of sulfur-containcimal in cells from logarithmically growing ing metabolites in a 6-hr period.
Ils from 8-day-old cultures were routinely The stimulation of amino acid uptake into tobacco cells by its. A decline in transport was observed in low pH is in agreement with a previous investigation of ationary cultures. However, the transport aminoisobutyric acid uptake by barley leaves (25) but contrasts form when compared to the transport of with apH optimum of 7 for sulfate transport by tobacco cells lls where a 20 nmol/g fresh wt hr to 100 (27) . Shtarkshall and Reinhold (25) believe that in barley rate increase was observed during the leaves the transported species is the zwitterion because the in fresh wt (26) .
increase in cation concentration between pH 6 and 4 would be for cysteine uptake was 4.5 in 10 mm insufficient to account for the marked increase in transport :r and the transport rate increased with rate. In addition, they conclude that the primary effect of pH is bis-tris propane was used as a buffer (Fig. upon the protonation/deprotonation of the transport site. Alterifor serine transport into tobacco cells was natively, the increased transport at low pH may be due to the n the incubation period was 1 hr. However, direct utilization of protons in transport; in E. coli neutral iod was reduced to 15 min, optimal trans-amino acids are taken up by a symport mechanism with one pH 3 (Smith, unpublished results). Serine oroton/one amino acid stoichiometry (2) . rted at pH 3 for 15 to 30 min, but the Variation of B-S concentration had marked effects on cysteine was lost from the cells during the next 30 transport (Fig. 4) . The (20) . Alternatively biphasic uptake represented in Figure 5 is a characteristic of the transport system and is in agreement with previous observations i (3) states that Michaelis-Men-of multiphasic uptake of amino acids in plants (13, 25 (Table I) , which is in general agreement Lble amino acid into a plant cell with the effects of these compounds on sulfate transport into linding to a membrane-bound tobacco cells (27) . Since CCCP can react with -SH groups nalyzed using Michaelis-Menten (12) the effect of this compound was tested either when present ation of the amino acid across in the transport medium or in preincubation experiments. In nied by co-transport with H+, in the latter, cells were preincubated for 1 hr in 0.1 B-5 containing reated minimally as a bisubstrate CCCP and washed with 100 ml of inhibitor-free 0.1 B-5 before acid transport may require the addition to the transport medium. There were no differences in e (18, 28) and the kinetics of y rate determined by either of these methods. The effectiveness irted amino acid might be more of CCCP (10- (27) . Od of summarizing experimental The effect of the above inhibitors on the efflux of labeled e the mechanism of transport. material from cells was also examined (Table II) . Cells were igh affinity system" to describe allowed to transport L-[35S]cysteine (Table III) which is in agreement with the observations of several investigators using a variety of organisms (9, 20) . However, as reported previously (27) , at inhibitory concentrations these compounds induce the total efflux of the sulfur-containing metabolites from tobacco cells and consequently are not useful for characterizing a specific transport system. Effect of Amino Acids on Cysteine Transport. The effect of several amino acids on cysteine uptake by the high and low affinity systems was examined. At both cysteine concentrations, transport was inhibited by a wide range of amino acids (Table  IV) . In general, neutral aliphatic amino acids were most effective, which is in agreement with previous studies of cysteine transport in tobacco cells (8) and alanine transport into cultured soybean cells (14) . These observations support the presence of efflux compared to the control and the ethanol figure is used as the standard for CCCP, DCCD, and DNP which were dissolved in ethanol. CCCP and DNP induced the loss of more than 80% of the label in 3 hr while DCCD was without effect. The above results indicate that material accumulated in 4 hr was almost totally lost when placed in either 10-5 M azide, CCCP, or DNP for 4 hr (Table II) . The inhibition of net adsorption by these compounds (Table I) may be due to stimulated efflux (Table II) and not to an effect of these compounds on cysteine influx. Effect of Sulhydryl Reagents on Transport. As reported in the kinetics section, DTT (14) .
L-Cysteine transport was slightly inhibited by D-cysteine. The latter is able to support growth of these cells as a sole sulfur source (8) . S-methyl cysteine was an effective inhibitor; however, cysteine methyl ester was relatively ineffective (Table  IV) . These results support the earlier conclusion that the zwitterion is the recognized and transported species. Methionine was more inhibitory than would be expected which is similar to its effects on arginine, glutamic acid, and alanine transport in soybean cells (14) . Preincubation experiments indicated that the effect of methionine was not due to depletion of the endogenous ATP pool. Cells which had been preincubated with methionine for up to 2 hr had normal transport when the methionine was removed prior to the measurement of transport. The acidic amino acids glutamic acid and aspartic acid were, in general, the least effective inhibitors of the amino acids tested. The discrepancies in their behavior have been observed in soybeans, where aspartic acid was not inhibitory to glutamic acid uptake (14) . There is a very close correlation between the ability of the tested amino acids to inhibit cysteine transport (Table IV) and their ability to accept the y-glutamyl moiety in model studies of y-glutamyl transpeptidase (28) .
The effect of alanine and methionine on the kinetics of cysteine uptake was examined. Alanine was a competitive inhibitor of both the high and low affinity systems (Table V) with inhibition constants 3.8 x 10-O M and 4.8 x 10-4 M, respectively. These values are within the range of the Km for cysteine transport for the two systems. Similarly, methionine (Table V) . As previously mentioned, Hart and Filner (8) reported inhibition of cysteine transport by several amino acids.
This inhibition, however, occurred only after a 1-or 2-hr lag and not immediately as would be expected in the case of a competitive inhibition. There were no such lags observed in any of the experiments reported in this research. We feel that the mechanistic significance of the above observations must await a more detailed knowledge of the steps involved in cysteine transport and must include a consideration of the role of transinhibition by endogenous amino acid pools in cysteine uptake.
